Seven stress susceptible (SS) and six stress resistant (SR) pigs were identified by response to halothane anesthesia. Mitochondria and heavy sarcoplasmic reticulum fragments were isolated from biopsies of the semimembranosus muscle. The muscle pH was significantly lower (P<.01) in the SS pigs compared to the SR pigs at biopsy. The mitochondrial respiratory traits, state 3 and state 4 respiration, respiratory control index and ADP/0 ratio, however, were not significantly different (P>.05) for the two groups of pigs. Mitochondrial ATPase activity and sarcoplasmic reticulum Mg-ATPase activity were not significantly different (P>.05) for the muscles of SS and SR pigs. The MgCa-ATPase activity of sarcoplasmic reticulum isolated from the muscle of SS pigs was significantly higher (P<.01) than that observed for SR pigs. No differences (P>.05) in mean values for pH, percentage reflectance and percentage transmission values of the longissimus muscle were observed between the SS and SR pigs, but greater variation in values for these traits was observed in muscle from SS pigs.
Seven stress susceptible (SS) and six stress resistant (SR) pigs were identified by response to halothane anesthesia. Mitochondria and heavy sarcoplasmic reticulum fragments were isolated from biopsies of the semimembranosus muscle. The muscle pH was significantly lower (P<.01) in the SS pigs compared to the SR pigs at biopsy. The mitochondrial respiratory traits, state 3 and state 4 respiration, respiratory control index and ADP/0 ratio, however, were not significantly different (P>.05) for the two groups of pigs. Mitochondrial ATPase activity and sarcoplasmic reticulum Mg-ATPase activity were not significantly different (P>.05) for the muscles of SS and SR pigs. The MgCa-ATPase activity of sarcoplasmic reticulum isolated from the muscle of SS pigs was significantly higher (P<.01) than that observed for SR pigs. No differences (P>.05) in mean values for pH, percentage reflectance and percentage transmission values of the longissimus muscle were observed between the SS and SR pigs, but greater variation in values for these traits was observed in muscle from SS pigs. (Key Words: Mitochondria, Sarcoplasmic Reticutum, Stress, Halothane, Muscle, Pig.)
I NTRODUCTION
Functional abnormalities in skeletal muscle calcium regulation by the sarcoplasmic reticu- lum (Kalow et al., 1970; Greaser et al., 1969a; Harrison, 1973; Britt et aL, 1973) and in mitochondrial respiratory capacity van den Bergh, 1971, 1973) have been reported in pigs and humans susceptible to halothane (Fluothane| Ayerst Laboratory) anesthesia. On the other hand, Nelson et aL (1972) have described normal calcium regulation by the sarcoplasmic reticulum in malignant hyperthermia-prone pigs. Also, Brooks and Cassens (1973) and Cheah (1973) did not observe any mitochondrial defect as a primary factor in the porcine stress syndrome reported by Topel et al., 1968 .
The purpose of this investigation was to study the ATPase activity of two skeletal muscle organelles, mitochondria and sarcoplasmic reticulum, isolated from pigs of similar breeding that were identified as stress susceptible (SS) or stress resistant (SR) at weaning age, depending on their response to halothane anesthesia. In addition, mitochondrial respiratory activity was measured and evaluated.
MATERIALS AND METHODS
Seven SS and six SR Yorkshire pigs were identified at weaning age by their response to the gas anesthetic, halothane. A halothane plus oxygen mixture (1 liter/min flow rate) was administered in a closed system equipped with CO2 absorber and a Ftuotec vaporizer via a nose cone to the physically restrained animal. Six percent halothane was administered for 1 rain, followed by 2% for 2 minutes. Animals termed SS showed increasing muscular ridigity in the extremities, blotchy cyanosis of the skin and increased rectal temperature when exposed to halothane under these conditions. If no abnormal response occurred, the animal was termed SR.
Methods used in this study for biopsy removal of tissue from the semimembranous muscle, determination of muscle pH and isola-426 JOURNAL OF ANIMAL SCIENCEI Vol. 43, No. 2, 1976 tion and measurement of respiratory activity of mitochondria from the muscle were the same as those previously reported (Campion et al., 1975) . The respiratory states, respiratory control index (RCI) and the ratio of adenosine diphosphate to oxygen (ADP/0) of the mitochondria were defined as outlined by Chance and Williams (1956) . Composition of the incubation medium for assay of mitochondrial ATPase activity was .25 M Tris-HCl (pH 7.5), .03 M KCI, .075 M Sucrose, .001 M EDTA and .005 M ATP. The assays were conducted at 25 C and initiated by adding approximately .1 mg of mitochondrial protein to the incubation medium in a final volume of 1.5 milliliters. Oligomycin (8 /ag), an inhibitor of mitochondrial ATPase activity (Lardy et al., 1958) , was used to obtain additional information about the nature of the ATPase measured in the mitochondrial assays. When magnesium-stimulated ATPase activity was being measured, .005 M MgCI2 was added to the incubation medium. After 5 rain, .5 ml of reaction mix was removed for inorganic phosphorus (Pi) determination. The amount of Pi initially present in the respiratory medium and mitochondria was determined by reversing the additions of trichloracetic acid and mitochondria and this amount of Pi was deducted from the amount measured at the end of the ATPase assay.
A slightly modified procedure of Greaser et al., 1969b was used to isolate heavy sarcoplasmic reticulum fragments from the skeletal muscle. In the present study, the fragments were sedimented from the .6 M KCI-5 mM histidine solution at 37,000 x g for 30 rain, washed once with .1 M KC1-5 mM histidine and fully suspended in the latter solution. Thus, only the heavy fraction of the sarcoplasmic reticulum was used because nearly all of the sarcoplasmic reticulum ATPase activity is contained in this fraction. Both MgCa-and MgATPase activity were determined according to Greaser et al. (1969b) . The assays were conducted at 25 C and pH 7.2. The Mg-ATPase activity was measured in the presence of .001 M EGTA [Ethyleneglycolbis (/3-aminoethyl ether) N, N'-tetraacetic acid]. Aliquots of the reaction medium were removed at 2.5, 5, 7.5 and 10 min for Pi determination. The enzyme concentrations used resulted in less than 15% hydrolysis of ATP. The specific activity of ATP hydrolysis at 2.5 and 10 rain did not vary by more than 16%.
Adenosine triphosphatase reactions for both mitochondria and sarcoplasmic reticulum were terminated by adding the withdrawn aliquots to 2 vol of ice cold trichloracetic acid (10% wt/vol). The precipitated protein was removed by centrifugation, and the Pi concentration of the supernate was determined by the method of Taussky and Shorr (1953) . Two to 4 weeks after biopsy, the pigs were transported to the Iowa State University Meat Laboratory and exsanguinated. At various times postmortem, pH and percentage reflectance of the muscle surface (Marple et al., 1969) were recorded for the longissimus muscle. Percentage transmission was determined 24 hr postmortem on a sample from the longissimus muscle by the procedure reported by Eikelenboom et al., 1974 , except that the tissue was homogenized with a Sorvall omnimixer.
RESULTS AND DISCUSSION
There was a significant difference in semimembranosus muscle pH (P<.01) between SS and SR pigs at the time the samples were homogenized. Yet, no difference (P~>.05) was observed for the respiratory traits, state 3, state 4, RCI and ADP/0 ratio (table 1). Akhough mitochondrial respiratory activity is known to be dependent on muscle pH (Cheah, 1973; Mitchelson and Hird, 1973) , significant inhibition is generally not observed above pH 6.4. The similarity in mitochondrial respiratory traits confirms a previous study reported by Campion et al. (1975) for SS and SR pigs. No disparity in function of muscle mitochondria from SS and SR pigs was observed in other investigations where the temperature (Brooks and Cassens, 1973) or the pH (Cheah, 1973) of the incubation medium was varied. Consequently, it appears that the mitochondrial state 3, state 4, RCI and ADP/0 ratio are not involved in the etiology of the porcine stress syndrome.
No difference (P>.05) in ATPase activity was found in mitochondria isolated from the two types of pigs (table 2) when assayed in the absence or presence of oligomycin. These findings further substantiate the conclusion that no abnormality in respiratory activity exists between the skeletal muscle mitochondria of SS and SR pigs when biopsy samples are compared. The increase in ATPase activity observed with mitochondria incubated in the presence of Mg 2+ or Mg 2+ + oligomycin likely resulted from contamination of the preparations with Table 3 shows the means and standard errors for sarcoplasmic reticulum ATPase activity. Results of t-tests indicated that MgCa-ATPase activity was significantly (P<.01) higher for sarcoplasmic reticulum isolated from skeletal muscle of SS pigs. No difference (P>.05) in Mg-ATPase activity was detected.
During manifestation of the stress syndrome triggered by exposure of the animal to halothane, serum Ca 2+ is initially elevated (Berman et aL, 1970; Britt et al., 1973) and muscle rigidity usually ensues, suggesting that there is an abnormality in Ca 2+ regulation within the muscle fiber. The greater sarcoplasmic reticulum MgCa-ATPase activity of muscle from the SS pigs in this study may be related to the greater than normal amounts of Ca 2+ that can be accumulated by sarcoplasmic reticulum of these pigs as observed in a recent study by Britt et al. (1975) . In addition, a greater sarcoplasmic reticulum MgCa-ATPase activity is a characteristic of fast twitch muscle fibers when compared to slow twitch fibers (Martonosi, 1972) . Histochemical studies (Swatland and Cassens, 1973; Dildey et al., 1970) have indicated that there is a higher proportion of fast twitch 'fibers in the muscle of SS pigs. Greater myosin ATPase activity has also been reported in muscle susceptible to postmortem development of the PSE condition (Quass and Briskey, 1968) . Therefore the greater MgCa-ATPase activity of sarcoplasmic reticulum from muscle of SS pigs may be associated with a higher proportion of fast twitch fiber types in their musculature.
Several studies involving SS pigs have found no difference in Ca 2+ regulation by sarcoplasmic reticulum when compared to normal pigs (Nelson et al., 1972; Brucker et al., 1973) . All the SS pigs in the present study exhibited muscle rigidity when exposed to halothane, but not all the SS pigs in the herd sampled by Brucker et al. (1973) demonstrated rigidity during the malignant hyperthermia syndrome (Clark et al., 1973) , suggesting that the involvement of abnormalities in Ca2+-regulation by sarcoplasmic reticulum in manifestation of this syndrome (whether causative or secondary), may be quite variable. The postmortem pH, transmission values and the percentage reflectance of the longissimus muscle are presented in table 4. The SS pigs had a lower muscle pH at 20 rain and 3 hr postmortem as compared with the SR pigs. Due to the variation in pH values between pigs, no significant difference was obtained between the SS and SR pigs. The trends were similar for percentage reflectance and transmission values for the longissimus muscle. Both quality estimates are related to muscle pH (Hart, 1961a,b) .
The percentage reflectance ranged from 16.5 (indicates dark muscle color) to 30.3 (very pale muscle color) for the longissimus muscle from the SS pigs. Of the six SS pigs, two had pale, watery muscle, two had dark, firm muscle, and two had normal longissimus muscle color. In the control or SR group, one pig had slightly dark color (18.5 percentage reflectance), and the other pigs had normal longissimus muscle color (percentage reflectance of 20.5 to 23.5). Topel (1969 Topel ( , 1972 also reported that SS pigs showed a wide variation in longissimus muscle color. The degree of stress preceding slaughter and the ability of the pig to adapt to stress is a major factor in determining the postmortem muscle color (Briskey, 1964) . Pigs that have difficulty adapting to stress (SS pigs) show a greater variation in muscle lactic acid levels before slaughter and again immediately postmortem, and this is a major factor in determining the ultimate meat color (WismerPedersen and Briskey, 1961) .
Elevated sarcoplasmic levels of Ca 2+ stimulate glycogenolysis (Heilmeyer et al., 1970) . Such conditions are known to exist early in onset of the stress syndrome (Berman et al., 1970; Britt et al., 1973) . Calcium stimulation of phosphorylase kinase and phosphofructokinase may contribute to the loss of control by the muscle of the rate of glycogen breakdown. The variation of meat color in SS pigs can then be associated with the abnormal control over the rate of glycogen breakdown and the rate of lactic acid production . The rate of lactate removal from blood and its metabolism by the liver (Evans et al., 1975) may also hinder the natural or controlled rate of glycogen breakdown. Evans et al. (1975) reported a reduced capacity of the liver to convert lactate to glucose and CO2 in SS pigs. It appears that the lack of control over glycogen and lactate metabolism results in a variable muscle pH after slaughter and, therefore, extreme variation in meat color in SS pigs.
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